might be formed, in addition to oxidation to carbon dioxide and water and incorporation into other substances.
Experiments in which an enzymic method was used for acetate determination have shown that the concentration of acetate in peripheral blood of human subjects increases to about 20 times the normal level when ethanol is present in the organism, whereas neither fasting nor the intake of a meal rich in fats influences the blood acetate concentration (3) .
On the other hand, Forsander and Raihi (4), while confirming the presence of acetate in the blood of rats given ethanol, found a considerable increase in acetoacetate. Lundsgaard (1) found no significant increase in ketone bodies in perfused cat liver.
The present experiments were designed to ascertain to what extent free acetate is formed in the liver from ethanol in normal human subjects and to study other metabolic changes during ethanol combustion, including the influence of ethanol on the splanchnic oxygen consumption. Seligson and co-workers (5) , in an abstract, have reported a somewhat similar study comprising two normal and two cirrhotic patients.
METHODS
Nine males and one female with no known hepatic or metabolic disorder were examined (Table I) The ratio of acetoacetate to /3-hydroxybutyrate in the blood from the hepatic vein decreased significantly during the ethanol period in all experiments, as seen in Table III . The lactate concentration in arterial blood increased during the ethanol period in the three cases examined. This increase is not caused exclusively by production of lactate in the liver, as seen in a typical experiment (Table IV) . In the two other experiments a small output (about 0.14 mmole per minute) from the splanchnic area was measured, while the arterial lactate concentration rose at a rate of about 0.02 mM per minute.
The On the other hand, there seems to be little doubt that the liver can activate (and consequently oxidize) acetate, but at a much lower rate than the oxidation of ethanol to acetate. In peripheral tissues, however, acetate is readily metabolized, as is also evident in the present experiments.
For the interpretation of experiments in which hepatic venous blood is examined it must be kept in mind that a large part of the blood (the portal blood) has passed through other organs before reaching the liver. It seems reasonable to suppose that while the liver produces, almost exclusively, acetate from the available ethanol without further oxidation, the organs of the portal area may oxidize some of the acetate present in the arterial blood feeding these organs. In this case the measured acetate formation will be less than the ethanol consumption in the splanchnic area.
In Table VI the oxygen consumption calculated for these processes is compared with the measured oxygen consumption in the splanchnic area. On the average, 74 per cent of the oxygen consumption has been used in the oxidation of ethanol and acetate. It must be noted that the (21) found that, on the average, 34 per cent of the splanchnic oxygen was consumed outside of the liver. The possibility that acetoacetate and /3-hydroxybutyrate are formed in the liver from ethanol has been ruled out. An increase in ketone body formation during ethanol infusion was observed in only one experiment, and this was quantitatively unimportant.
A third acetate pathway which should be considered is the incorporation into other substances, notably lipids. Such processes undoubtedly do take place, and equally well from ethanol and acetate (22, 23) , but to a very minor degree, which can at most explain a small fraction of the acetate deficit in some of the experiments (24) , if results obtained in animals are accepted as valid in man. It is therefore considered most probable that all of the ethanol is oxidized to free acetate in the liver, and that the reason for the low recovery of acetate in the hepatic venous blood in some experiments is mainly oxidation in the extrahepatic splanchnic area.
Lactate analyses were made in order to decide whether some of the ethanol oxidation takes place as a dismutation reaction-i.e., coupled to the reduction of pyruvate to lactate. Such a process would mean that the liver could deal with a larger quantity of ethanol without complete oxidation of the hydrogen. The increase in blood lactate, however, was not caused exclusively by the liver but may indicate that the peripheral tissues prefer acetate rather than lactate as a fuel.
The finding that the ratio of acetoacetate to ,8-hydroxybutyrate decreases during ethanol metabolism to about half the control value in hepatic venous blood is another indication that the ratio DPNH/DPN is increased in the liver during alcohol metabolism (25, 26) . A similar observation was made by Buittner, Portwich and Engelhardt (27) , who found that the ratio of pyruvate to lactate, which is also a DPN-dependent redox system, diminished in rats given ethanol. All these findings strongly suggest that the change in the state of oxidation of the coenzymes is a very important consequence of ethanol metabolism. It is indeed possible that this phenomenon is responsible for the radical changes in metabolism of the liver which must take place as soon as ethanol is present in the circulating blood. An example of this change is the decline of galactose utilization (17) . The magnitude of the ethanol consumption in the splanchnic area in these experiments may seem rather low, being 4.3 g per hour as compared with a generally accepted figure for the ethanol elimination of about 7 g per hour. The results are, however, in agreement with those of Larsen (28) . In both cases the experimental subjects were fasted for at least 12 hours before the experiment. Fasting has been shown in animals (29, 30) to reduce the rate of ethanol combustion. It is not probable that the low rate is a consequence of the low concentration employed, since similar low combustion rates were recorded in experiments at higher ethanol concentration (20 mM) (28) . The observation that oxygen consumption does not change significantly when ethanol infusion is started, taken along with the finding that the ATP concentration of liver is not diminished by ethanol administration (27) , sheds some light on the question of oxidative phosphorylation from extramitochondrial DPNH. The alcohol dehydrogenase responsible for the oxidation of ethanol is known to be exclusively present in the cytoplasm (31) . It is therefore suggested that the yield of high energy bonds from DPNH is the same whether the DPNH is formed inside the mitochondria or not.
From Table VI (33) observation that the hepatic blood flow was increased during ethanol metabolism. Castenfors and colleagues found a small reduction in flow, which they thought might be unrelated to the ethanol given. In our cases the fall in flow was statistically significant, while in seven control experiments, in which the hepatic blood flow was observed for a similar interval, there was no significant reduction in the period corresponding to the ethanol period of the present experiments. Since other circulatory parameters (e.g., the cardiac output) have not been examined, the cause of the reduction in the hepatic blood flow cannot be stated.
It must therefore be concluded that no reaction, either metabolic or vasomotor, takes place to compensate the large amount of oxygen required by the liver for the oxidation of ethanol.
SUM MARY
1. The disappearance of ethanol and the formation of acetate in the splanchnic area were measured in human subjects through analysis of arterial and hepatic venous blood. At the same time liver blood flow and splanchnic oxygen consumption were determined. A quantity of acetate corresponding to 50 to 100 per cent of the ethanol metabolized was found in blood from the hepatic veins. The arterial acetate concentration reached a constant level of about 0.8 mM (50 jug per ml) shortly after the administration of ethanol.
2. The splanchnic oxygen consumption was not significantly changed by the infusion of ethanol, whereas the hepatic blood flow showed a small but significant decrease.
3. Formation of ketone bodies by the liver was not significantly changed when ethanol was given, but the ratio acetoacetate/,8-hydroxybutyrate decreased to about half the control value.
4. Lactate concentration in the arterial blood increased during ethanol infusion, but this was not exclusively caused by an increased output from the liver.
5. The significance of the findings in relation to the regulation of liver metabolism is discussed.
